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PREFACE 


This report presents the results of an Air Force Electronic Principles 
survey of 37 selected Air Force specialties. Authority for conducting 
Electronic Principles (EP) surveys is contained in AFR 35-2. 


Results presented in this report are part of an EP survey of 81 Air Force 
specialties. This survey was requested by the Chief, Common Electronics 
Training Program (CETP) Program Management Team (PMT) in October 1985. 


The Electronic Principles Inventory (EPI) used to collect EP survey data 
was originally developed in 1976 by Dr Hendrick Ruck and Major Thomas 
O'Connor. Mr Theodore Wilcox revised and validated the EPI in 1986 as part of 
this survey project. 


First Lieutenant Robert Hampel analyzed the data and wrote the final 
report. Computer programming support was provided by Ms Olga Velez and 
Mr Wayne Fruge, and Ms Raquel A. Soliz provided administrative support. This 
report was reviewed and approved by Mr Gerald Clow, Chief, Management Applica- 
tions Branch, Occupational Analysis Divis? .., USAF Occupational Measurement 
Center. 


This report is distributed to Air Staff sections, major commands, and 
other training and management personnel. Requests for additional copies 
should be sent to: Chief, Occupational Analysis Division (OMY) USAF Occupa- 
tional Measurement Center, Randolph AFB, Texas 78150-5000. 


BOBBY P. TINDELL, Colonel, USAF JOSEPH S. TARTELL 

CuU.amander Chief, Occupational Analysis Division 
USAF Occupational Measurement USAF Occupational Measurement 

Center Center 
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REPORT SUMMARY 


1. BACKGROUND: This report provides data on the electronic principles (EP) 
used by airmen in 37 Air Force specialities (AFSs) with initial training at 
Lowry Technical Training Center (TTC). 


2. METHODOLOGY: The USAF Electronic Principles Inventory (AFPT 90-EPI-825) 
was administered to random samples of fully qualified job incumbents repre- 
senting the 37 AFSs in this report. The data wer. collected from March 1987 
to March 1989. Some AFSCs have been affected by RIVET Workforce changes. 
Details are enumerated in the SURVEY ADMINISTRATION section. 


3. RESULTS: Complete survey data is provided in two appendices: 


Appendix A: Lowry TTC AFSCs EP data in EPI 
job inventory order 


Appendix B: Lowry TTC AFSCs EP data matched to 
Electronic Fundamentals/Applications 
(EF/A) STS 


NOTE: A "generic" version of the Electronic Fundamentals/Applications (EF/A) 
is used in Appendix B--complete analysis requires the use of AFSC~-specific 
proficiency codes, rather than the generic set used in the appendix. 


4. DISCUSSION AND IMPLICATIONS: Although there is no specific regulatory 
guidance on the use of EPT data, the survey data lends itself to the use of 
cutoff scores for deciding which EPI items to include ia centralized training 
for each AFSC. Once the training needs of the individual AFSCs have been 
determined, the possibility for consolidated EP training can be considered. 


Survey data showed that AFSC 40450 personne! use as many or more EPI 
items than nine of the 32 AFSCs in this report which currently attend the 
Lowry EP course. AFSC 404X0 personnel should be caunsidered for enrollment in 
the course. 


There was no match of EPI survey data to the Lowry EP course POI, Lecause 
the POI was undergoing major revisions. This match should be accomplished 
once the new POI is complete, to determine whether or not the survey data 
support the new POI objectives. 
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ELECTRONIC PRINCIPLES SURVEY REPORT 
LOWRY TECHNICAL TRAINING CENTER 


INTRODUCTION 


From missile systems maintainers to telephone switching specialists, from 
avionics technictans to biomedical equipment personnel, the US Air Force 
employs more than 50,000 worker~level (primarily 5«skill level) personnel who 
require electronic principles (EP) training. These highly skilled, techni- 
cally trained airmen work in over 80 Air Force specialties (AFSs) spanning 11 
career fields. Furthermore, the depth and breadth of required EP training 
varies based on specialty needs. In short, the USAF spends vast amounts of 
money, manpower, and time to ensure that airmen are properly trained in 
electronic principles. 


To make the best use of these resources, the USAF Common Electronics 
Training Program (CETP) was designed to consolidate and standardize Air Force 
EP training where possible and practical. This is primarily accomplished 
through special EP courses taught at four USAF Technical Training Centers 
(TTCs). These EP courses teach the electronic principles common to two or 
more AFSs. Another part of the CETP is the development of common training 
modules. Specific blocks of EP instruction are developed by one TTC, then 
shared with the other TICs which teach that EP subject. By selectively 
combining and standardizing Air Force EP training, the USAF makes best use of 
limited training resources. (<yo) ge 
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Not all Air Force electronic principles tvaining is conducted in special 
EP courses, however. For example, some EP subjects are ‘ised in only one AFS. 
Students learn these generally advanced topics in AFSC~-awarding courses, 
building on the more basic EP subjects from the common EP course. Also, some 
AFSs require very few electronic principles, and airmen in these specialties 
receive EP training only in their AFSC-awarding courses. 


As with other Air Force technical training, EP training programs can pro- 
fit from objective analysis of specific training requirements. These require- 
ments can be analyzed objectively using occupational survey data. This EP 
suryey provides data which can be used to analyze the specific EP training 
requirenents in CETP courses and AFSC-awarding courses alike. The instrument 
used to collect EP survey data is the Electronic Principles Inventory (EPI). 


BACKGROUND 


The USAF Electronic Principles Inventory (EPI) is a knowledge- and 
skills-based job inventory which identifies the electronic principles, skills, 
and equipment an airman uses in the performance of his or her job. 
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The EPI was originally developed by Dr Hendrick Ruck and Major Thomas 
O'Connor in 1976. An in-depth discussion of the original concept, develop- 
ment, and validation of the EPI can be found in USAFOMC Technical Note 77-02, 
"The Development and Application of the Electronic Principles Job Inventory", 
Mr Theodore Wilcox revised and validated the EPI in 1986 for this survey. 


The EPI contains two sections. First is a background section containing 
demographic and job satisfaction questions. The second section contains 712 
electronic principles, skills, and equipment questions covering 39 EP subject 
areas. Below are some example questions taken from the EPI. The 39 EPI 
subject areas are listed in Table 1. 


After completing the background section, job incumbents respond "Yes" or 
"No" to the 712 EPI questions. The result is a "profile" of electronic prin- 
ciples, skills, and equipment used by the incumbent in his or her present job. 
This electronic principles "profile" can be combined with the "profiles" of 
other job incumbents to produce a "profile" for the entire AFS. 


EXAMPLE EPI QUESTIONS 


Example Principles Questions 


A4-4 Do you use electron tube characteristic curves? 
G1-20 Do you use parity bit codes? 
H4~33 Do you use "FM" modulation principles? 


Example Skills Questions 


C1-8 Do you calculate values of transistor amplifier voltage, 
current, or power gain? . 

E2-1 Do you trace schematic or block diagrams of circuits 
containing frequency sensitive filters? 

11-4 Bo you measure RF effective power? 


Example Equipment Questions 


B4-2 Do you use spectrum analyzers? 
D3-5 Do you perform tasks on variable resistor voltage 
regulators? 


J1-8 Do you work on dynamic microphones? 
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TABLE 1 


< EPI SUBJECT AREAS 
SUBJECT 
AREA NUMBER SUBJECT AREA TITLE 

Al Direct/Alternating Current 

A2 Electro/Mechanical Devices 

A3 Solid-State Circuits and Devices 

A4 Tubes 

A5 Soldering or Solderless Connections 

Bl Multimeters 

B2 Oscilloscopes 

B3 Signal (Function) Generators 

B4 Test Equipment 

Cl Transistor Amplifier Circuits 

C2 Transistor Amplifier Stabilization 
Circuits 

C3 Coupling Circuits 

C4 Electron Tube Amplifier Circuits 

c5 Operational Amplifiers 

C6 Magnetic Amplifiers 

Dl Power Supply Circuits 

D2 Power Supply Filters 

D3 Power Supply Voltage Regulators 

El Resistive Capacitive Inductive 
Circuits 

E2 Frequency Sensitive Filters 

Fl Oscillators 

F2 Multivibrators 

F3 Waveshaping Circuits 

F4 Limiter/Clamper Circuits 

G1 Digital Logic Numbering Systems and 
Functions 

G2 Computers 

G3 Digital Circuits 

G4 Digital to Analog (D/A) and Analog 
to Digital (A/D) Converters 

H1 Connections (Transmission Lines and 
Waveshaping Circuits) 

H2 Microwave Oscillators and Amplifiers 

H3 Resonant Cavities 

H4 Transmitters and Receivers 

H5 Antennas 

I1 Radio Frequency Measurements 

12 Radio Frequency Calculations 

Jl Microphones and Speakers 

J2 Photosensitive Devices 

J3 - Storage Type Display Tubes 

J4 Television, Laser, and Infrared 
Systems 


SURVEY ‘DMINISTRATION 


As mentioned in the PREF-.° data were collected for this survey from 
over 80 AFSs (78 AFSs, 3 Reporti:.> Identifiers). Survey data were collected 
in four increments, from March 1987 through March 1989. A total of 24,651 
EPI booklets were mailed to active duty airmen worldwide. After each of the 
first three increments, interim survey reports were published by the USAF 
Occupational Measurement Center (USAFOMC). These reports are all numbered 
AFPT 90-EPI-825, and are dated July 1988 (EPI-1), January 1989 (EPI-2), and 
February 1989 (EPI-3). There was no separate report of data collected in 
EPI-4. Results were combined with those of the first three increments to 
produce the final reports. There are a total of five final EPI reports, one 
for each of the following: Chanute TTC, Keesler TIC, Lowry TIC, Sheppard TTC, 
and the Air Force Military Training Center (AFMTC), located at Lackland AFB. 
This report presents results only for AFSCs with technical training courses at 
Lowry Technical Training Center. 


A discussion about data collection and reporting procedures is necessary 
at this point. Some of the AFSCs included in this EP survey have been 
affected by RIVET Workforce (RWF) changes during various phases of the survey 
process. We have tried to keep up with these changes and adapt accordingly to 
provide the best, most useful survey data possible. Fortunately, not all 
AFSCs were affected by RWF, and some AFSCs were changed by RWF before survey 
mailout. These AFSCs did not require any special consideration. 


Unfortunately, some AFSCs changed after survey data collection, which 
presented a challenge. Personnel from various AFSCs were reorganized and 
redistributed into new AFSCs as a result of RWF changes. These redistributed 
groups can be easily identified in this report because they carry the generic 
"X" for the shill-level designation. Using survey data collected from the 
‘old’ AFSCs, we were able to create new data sets representing these 'new' 
AFSCs, allowing analysis of the data under the 'new' specialty structure. 


For example, we collected survey data from the following AFSCs which no 
longer exist due to RWF changes: 32150, 32151E, 32151G, 32152, 32152Q, 32351, 
32352, 32353, 32550, 32551, 32850, 32851, 32852, 32853, 32854, and 32855. 
These 'old' AFSCs were redistributed among several ‘new’ AFSCs as a result of 
RWF changes. The 'new' AFSCs which have initial training at Lowry TTC (and 
included in this report) include 451X7, 455X3A, 456X0, 456X2A, 456X2B, 457X3A, 
and 457X3C. As mentioned above, we recombined the survey data provided by 
airmen in the 'old' AFSCs to make new data sets which match the 'new' AFSCs, 
making analysis of EP training needs possible. 


First, we placed all survey respondents from the 'old' AFSCs into a 
single group. Next, using the Uniform Airmen Record (UAR), we created a group 
which included all assigned personnel in the 'new' AFSCs. We then matched 
individuals by Social Security Account Number (SSAN), linking their ‘old’ AFSC 
to their ‘new’ AFSC. . Finally, we created new data sets based on the results 
of the match, and these data sets represent the EP use of the personnel in the 
‘new’ AFSCs. (NOTE: It was necessary to include 7-skill level personnel in 
the ‘new’ AFSC groups for matching purposes, because some of the personnel in 


C the 'old' AFSCs had upgraded to 7-level since taking the survey. However, the 
survey data are still useful, because the data were collected while the 
respondents were still 5-levels.) 
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After we performed the match of the ‘old’ AFSCs to 'new' AFSCs, we found 

_ that some of the ‘new’ AFSCs had sample sizes that were too small to be 

reliable. The following AFSCs are NOT reported here because of inadequate 

sample sizes: 455X3B, 455X3C, 455X5A, 455X5B, and 457X3B. However, most of 

the 'new' AFSC samples were sufficient for use, and are included in this 
report. 


Here is a summary of all AFSCs included in this report: 
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AFSC TITLE 
30455 Television Equipment 
30950 Space Systems Equipment Maintenance 
31653 Instrumentation 
32450 Precision Measurement Equipment Laboratory 
40450 Visual Information Equipment Maintenance 
45154A F~15 Avionics Test Station and Component 
(Automatic Test Stations) 
451548 F~15 Avionics Test Station and Component 
(Manual and EW Test Stations and Consoles) 
45155 F-16/A-10 Avionics Test Station and Component 
45156A F/FB-111 Avionics Test Station and Component 
(Automatic Equipment) 
, 45156B F/FB-111 Avionics Test Station and Component 
(Manual and EW Equipment) 
451X7 B-1B Avionics Test Station and Component 
45251A F-15 Avionic Systems (Attack Control Systems) 
45251B F~15 Avionic Systems (Instrument and Flight 
Control Systems) 
45251C F-15 Avionic Systems (Communication, 
Navigation, and Penetration Aids Systems) 
i 45252A F-16 Avionic Systems (Attack Control Systems) 
‘ 45252B F~16 Avionic Systems (Instrument and Flight 
} Control Systems) 
: 45252C F-16 Avionic Systems (Communication, 
Navigation, and Penetration Aids Systems) 
; : 45253A F/FB~111 Avionic Systems (Attack Control Systems) 
45253B F/FB-111 Avionic Systems (Instrument and Flight 
; f Control Systems) 
3 45253C F/FB-111 Avionic Systems (Communication, 
: Navigation, and Penetration Aids Systems) 
! i 45271 F-15 Avionic Systems Technician 
' : 45272 F-16 Avionic Systems Technician 
; 2 45273 F/FB-111 Avionic Systems Technician 
; ; 45550A Photographic and Sensors Maintenance 


: i (Tac/Recon Electronic Sensors) 


45550B Photographic and Sensors Maintenance 
(Recon/Electro-optical Sensors) 

455X3A Weapon Control Systems (F-4E/G, AC-130, F-5E). 

456X0 Bomb-Navigation Systems 

456X2A Defensive Fire Control Systems (AN/ASG-15) 

456X2B Defensive Fire Control Systems (AN/ASG-21, AN/ASG-33) 

457X3A B-1B Avionics Systems (Offensive Avionics Systems, 
CITS and Doppler Radar Systems) 

457X3C B-1B Avionics Systems (Communication, Navigation, 
and Defensive Avionic Systems) 

46150 Munitions Systems 

46250 Aircraft Armament Systems 

46350 Nuclear Weapons 

99104 Systems Repair Technician 

99105 Scientific Measurements Technician 

99106 Applied Sciences Technician 


The survey administration for these 37 AFSCs was spread over all four 
increments of the EPI, from March 1987 through March 1989. To be eligible for 
the survey, airmen in these specialties had to have at least 4 weeks’ experi- 
ence in their job, could not be within 90 days of retirement nor expecting 
reassignment within 60 days. A random sample of survey eligible personnel was 
selected, and booklets were mailed to airmen worldwide. All useable EPI book- 
lets that were returned to USAFOMC were included in the final samples. Table 
2 shows the number of assigned personne] at the time of survey, as well as 
final sample size, for each AFSC in this report. 


ne na Re en ered eine 


TT TT emer acer mee MA epee ng tenn een 


Ta at ere tee, 


\ TABLE 2 
ae ye ote SPECIALTY REPRESENTATION OF SURVEY SAMPLES 
Y 
3 DUTY TOTAL SURVEY 
AFSC ASSIGNED SAMPLE 
30455 287 208 
30950 270 199 
31653 288 237 
32450 1,204 300 
40450 193 114 
45154A 314 141 
451548 325 164 
45155 356 186 
45156A 413 168 
451568 314 146 
*451X7 127 34 
45251A 329 125 
452518 219 82 
, 45251C 249 92 
45252A 281 85 
3 452528 302 105 
45252¢ 303 98 
45253A 323 97 
452538 210 61 
45253C 261 68 
45271 295 227 
45272 307 271 
45273 258 147 
45550A 337 149 
455508 376 146 
*455X3A 236 108 
*456X0 348 111 
*456X2A 93 29 
*456X2B 58 19 
*457X3A 111 28 
*457X3C 116 19 
46150 4,037 1,034 
46250 5,640 1,616 
46350 565 347 
99104 238 144 
99105 299 206 
991C6 171 119 


* Denotes AFSCs affected by RIVET Workforce changes. 
For a complete description of these changes, refer 
to the SURVEY ADMINISTRATION section of this 
report. 
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RESULTS 


Each completed EPI survey booklet shows which electronic principles the 
respondent uses in his or her present job. When the responses of al] survey 
respondents from a specific group are combined, the results are shown as per- 
cent of group members using each of the 712 EP items. This listing of all EPI 
items and the percent of group members responding "Yes" is the EP "profile" of 
that group. Appendix A shows percent group members responding "Yes" informa- 
tion for al] 712 EPI items, listed in EPI job inventory order. 


To facilitate development of Specialty Training Standards (STSs), 
subject-matter experts (SMEs) matched EPI items to appropriate block(s) of the 
Electronic Fundamentals/Applications (EF/A) part of the STS, also known as the 
STS Attachment 2. For this study, a "generic" version of the EF/A STS was 
used for the match. All blocks of the EF/A were matched, and the proficiency 
codes are NOT specific to individual AFSCs. Still, this information (located 
in Appendix B) can be used to determine which blocks of the STS Attachment 2 
should be included in individual STSs. 


Subject-matter experts also matched EPI items to the objectives from 
Plans of Instruction (POIs) for Air Force courses which teach electronic 
principles. This match of EPI items to appropriate POI objective(s), when 
combined with survey data, shows how well the POI objectives are supported. 
For example, if many group members respond "Yes" to the EPI items matched to 
an objective, then that objective is considered well supported by survey data. 
If, however, few group members respond "Yes", the objective is not well 
supported. 


For this EPI survey, however, no POI match was accomplished, because the 
Lowry EP POI was undergoing major revisions. This match of EPI items to the 
Lowry EP course POI objectives should be accomplished once the POI changes are 
complete. This match will show whether or not the new POI is supported by EPI 
survey data. 


Following is a summary of the Appendices, which show the survey results: 


Appendix A: Lowry TTC AFSCs EP data in EPI 
job inventory order 


Appendix B: Lowry AFSCs EP data matched to Electronic 
Fundamentals/Applications (EF/A) STS 


DISCUSSION AND IMPLICATIONS 


We collect EPI data to assess the use of electronic principles by dif- 
ferent Air Force specialties. For each AFSC surveyed, this data shows the 
percent members responding "Yes" to each of the 712 EPI items. We can use 
this data to select for each AFSC the items we wish to include in centralized 
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training. Once we've selected for each AFSC the EPI items we wish to include 
in centralized training, we can look for commonalities among those items for 
the possibility of combined electronic principles training. 


How should we use the EPI data to select the items we wish to include in 
centralized training? Currently, there is no regulatory guidance on the use 
of EPI data for the development of centralized training programs (or STSs). 
ATC Regulation 52-22 states only that “EPI studies provide valuable informa- 
tion for curriculum development or validation in terms of percent members 
requiring a range of electronics principles knowledge in the performance of 
their job." Lacking direction from regulations, we must devise an intelligent 
method for using this data. 


The EPI percent members responding "Yes" data lends itself to the use of 
a cutoff score for selecting items to teach in centralized training. For each 
AFSC, EPI items at or above the cutoff score are selected for centralized 
training, while items with scores below the cutoff (in percent members 
responding "“Yes") are left for other training methods, such as on-the-job 
training (OJT). This cutoff score can theoretically be anything from 1 to 100 
percent members responding "Yes". If we select 1 percent as our cutoff, we 
must train all airmen in all EPI items used throughout the AFSC. If 100 per- 
cent is selected, we will only train the EPI items used by every airmen within 
the AFSC. These cutoffs are the extremes, and we should find some middle 
ground for our cutoff score. 


For example, if we select a cutoff score of 50 percent, it means that the 
EPI items we train will be used by at least every other student. Similarly, 
if we select items with 20 percent members responding "Yes" as our cutoff, we 
know that at least every fifth student will need to know those items. The 
“ask is to select a cutoff which provides training that is effective without 
being excessive. Therefore, the practical upper limit for this cutoff score 
should be 50 percent members responding "Yes" (any higher, and training would 
be ineffective). Twenty percent should be considered the practical Jower 
limit (any lower, and training would be excessive). 


Table 3 shows the total number of EPI items and the number of EPI items 
used by 30 percent of members for each AFSC in this report. This cutoff of 30 
percent is only an example, but serves to show the trend of EP use among the 
AFSCs. Table 3 alsc shows which AFSCs currently attend the Lowry EP course. 
These data show that 40450 personnel report using more EPI items than nine of 
the 32 AFSCs in this report which currently attend the course. Management and 
training personnel for AFSC 404X0 should strongly consider sending their per- 
sonnel through the Lowry EP course. 


Because there was no match to the course POI, no comments can be made 
concerning the content of the Lowry EP course at this time. However, once the 
POI revisions are complete, the match should be done to see how well the new 
POI objectives are supported by the survey data for the AFSCs which attend the 
course. Such a review, using survey data, will provide the foundation for 
selection of EPI items to include in centralized training. Of course, other 
considerations will be important, such as whether or not the 404X0 personnel 
attend the course, scheduling considerations, and financial constraints. A 


complete review and revision of the Lowry EP course, based on the EPI survey 
data and modified by these other considerations, should result in a plan for 
training which is mindful of each specialty's needs, while avoiding excesses 
that waste precious Air Force resources. 
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i TABLE 3 


NUMBER OF TOTAL EPI ITEMS USEN/ 
NUMBER OF EPI ITEMS USED BY 30 PERCENT GF ukUUP MEMOTRS 


(BY AFSC) 

DUTY ITEMS USED TOTAL 

AFSC BY 30 PERCENT USED 

*30455 324 691 

*30950 399 703 

*31653 138 681 

*32450 498 707 

40450 102 598 

*45154A 311 704 

*45154B 281 708 

*45155 232 709 

*45156A 277 698 

*45156B £16 704 

*451X7 405 675 

*45251A 77 643 

*45251B 54 487 

*45251C 57 591 

*45252A 51 670 

*45252B 65 650 

*45252C 62 653 

*45253A 88 648 

| *452538 79 570 
*45253C 86 546 
*45550A 202 710 
*45550B 106 627 
*455X3A 159 680 

*456X0 170 669 

*456X2A 143 495 

*456X2B 106 389 

*457X3A 78 486 

*457X3C 112 410 

46150 3 132 

46250 20 220 

46350 10 181 

*99104 329 697 

*99105 24 497 

99106 15 292 


* Denotes AFSCs which currently attend the Lowry EP 
course 
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